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ABSTRACT
We demonstrate that young star clusters have a γ-ray surface brightness comparable
to that of the diffuse Galactic emission (DGE), and estimate that their sky coverage
in the direction of the inner Galaxy exceeds unity. We therefore suggest that they
comprise a significant fraction of the DGE.
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1 INTRODUCTION
The diffuse Galactic γ-ray emission (DGE) has been a test
bed for the theories of cosmic ray (CR) acceleration sites and
transport, ever since Morrison (1958) pointed out the con-
nection between them. The standard paradigm of CR accel-
eration site has been that supernovae (SN) remnant (SNR)
accelerate CR particles from the interstellar medium (ISM)
material in Sedov-Taylor phase. These CR particles interact
with protons in the ISM to produce pions and then neutral
pions decay to produce γ-rays. Therefore CR grammage is
tracked by γ-ray production in the ISM. In the standard sce-
nario of CR acceleration in SNRs, the grammage traversed
by CRs is accumulated as they propagate through the ISM.
After the initial observations of OSO-3, SAS-II, studies
with COS-B and thereafter EGRET aboard the Compton
Gamma-Ray Observatory helped improve the knowledge of
DGE in GeV range. Analysis of data (Bloemen 1989; Hunter
et al. 1997) showed that pion decay through CR interaction
with ISM protons is the major contributor to the emission in
the GeV range, while bremsstrahlung and inverse -Compton
scattering may be important in MeV range. While CR parti-
cles from SNRs are thought to explain the DGE in general,
this paradigm is not without its share of problems, espe-
cially when the DGE in the inner Galactic region is con-
sidered. The predicted intensity falls short of the observed
values. It is possible that Galactic CR spectrum is different
from that observed in the solar neighbourhood, because a
harder spectrum is required, or that there exists an unre-
solved population of SNRs (Hunter et al. 1997; Weekes et
al. 1997). Berezhko (2000) estimated that such unresolved
SNRs would contribute ≤ 10% to the total DGE a ∼ 1 GeV,
but this fraction would be larger at higher energies.
With regard to both these points, of DGE requiring
additional sources, with harder spectrum, the recent detec-
tions of young star clusters in γ-rays (Ackermann et al. 2011;
Aharonian et al. 2019) raises the possibility that they can
be important sources. Although they have been considered
in some analysis (Ackermann et al. 2012) of DGE, they have
been treated as sources of CR that would interact with ISM
protons. Recently, Gupta et al. (2018) have shown that the
wind termination shocks (WTS) of young, massive compact
star clusters can accelerate CRs and explain the γ-ray, X-ray
and radio luminosities of star clusters, as observed. They cal-
culate a conversion factor between the mechanical luminos-
ity of winds and γ-ray is roughly Lγ/Lw ≈ 10−3–10−2, which
is consistent with observations (Ackermann et al. 2011). This
calculation is reviewed below. (Gupta et al. 2020) also show
that the expected combination of WTS and SNe shocks in
star clusters, given the conventional wisdom about stellar
evolution and stellar initial mass functions, can explain the
Neon isotope ratio. More importantly, they have shown that
CRs can obtain most of their grammage within the super-
bubble of the star clusters, mainly in the shocked-wind and
shocked ISM region. This implies that most of the γ-rays
should be generated locally, within the superbubble.
A further indication that star clusters may contribute a
substantial fraction of DGE, comes from the analysis by de
Boer et al. (2017), who found that molecular clouds can ex-
plain the DGE flux towards the central molecular zone, with
a harder spectrum than that found elsewhere. Interestingly,
the observations of Aharonian et al. (2019) reveal that γ-ray
spectrum towards star clusters have a harder spectrum.
The energy budget of CRs (and consequently that of
γ-rays produced by them) can be estimated as follows. Ex-
trapolating from a census of over 400 O3-B2 stars in the solar
neighbourhood, the number of OB stars within the solar cir-
cle has been estimated to be ∼ 2× 105 (Reed et al. 2005),
and the average mechanical power associated with stellar
winds arising from them is Lw ≈ 1036 erg s−1. Therefore the
total mechanical power associated with WTS is ≈ 2 × 1041
erg s−1 (see also Seo et al. (2018)), compared to ≈ 6× 1041
erg s−1 of SNe shocks, corresponding to a SN rate of ∼ 2
per century (Diehl et al. 2006). The fraction of Lw that
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is radiated in γ-rays, via CR particles accelerated in WTS
and their interaction with the dense shell material near the
outer shock, depends on many factors, including the ambi-
ent density (see below for details), and observationally it can
range between 0.002–0.01 (see examples below), except in
the case of Cygnus and Westerlund 1 where it is ≤ 3×10−4.
This implies a minimum γ-ray luminosity from OB stars of
≥ 4×1038 erg s−1. This is a substantial fraction of the total
γ-ray luminosity of ≈ 1039 erg s−1 of our Galaxy, and tanta-
lizingly close to the amount required to fill the gap between
the observed and prediction from leaky-box model.
Here we consider the possibility that much of the γ-ray
emission from the Galaxy is from superbubbles and whether
this emission should appear as separate sources or as dif-
fuse (if not completely smooth) emission. After reviewing
the energetics, we show that the sky filling factor of star
clusters in the inner Galactic region is large. Then we show
that the size of the star clusters scale as rs ∝ L1/2w ∝ L1/2γ
(which follows from the evolution of stellar wind inflated
bubbles in ISM). In other words, every line of sight will not
only intercept a young (≤ 10 Myr) star cluster, it will also
have the same specific intensity, which turns out to be in
the ballpark of the observed DGE. The only parameters in-
volved here are superbubble evolution (based on Weaver et
al. (1977) model) and the observed scaling of γ-ray lumi-
nosity with mechanical luminosity of star clusters. We also
estimate the anisotropy of DGE expected in this scenario.
2 WHY DO WE CARE?
Why do we care whether the diffuse Galactic γ-ray emission
is dominated by localized, overlapping sources as opposed
to a smooth distribution of nuclear collisions in the Galactic
disk at large? We care because the DGE is a clean diagnostic
of cosmic ray propagation in the Galaxy. The traditional
leaky box model, by definition, assumes that the escape time
from the Galactic volume is longer than the time needed for
the cosmic rays from a given source to homogenize their
distribution in the Galactic disk. However this assumption
may be false. It may be that cosmic rays escape the Galactic
disk not far from their source at characteristic distance d
from their source. In this case, the distribution of cosmic
rays in the Galactic and hence the collisions they undergo
occur mostly with . d of their source, and the γ-rays emitted
in those collisions appear as a localized (but not necessarily
point) source rather than getting smeared across the entire
Galactic disk. Now if those localized sources overlap, the
overall emission may appear mostly diffuse. On the other
hand, even if the cosmic rays from a given source filled the
disk homogeneously, the γ-ray emission from their collisions
could appear splotchy if the baryon distribution in the disk
is splotchy. So using γ-ray emission to distinguish between
different scenarios for cosmic ray distribution requires care.
The leaky box has in recent year encountered prob-
lems accounting for the flat antiproton to proton ratio in
the several hundred GeV range. This is because the sec-
ondary boron to primary carbon ratio in the Galactic disk
has been observed to decrease with energy out to 102 GeV,
and has been traditionally attributed to an escape rate from
the Galaxy that increases with energy. The apparently para-
doxical absence of a decrease of the antiproton to proton
ratio, would, in the absence of new physics, beg for an alter-
native explanation because antiprotons are also presumed
to be secondaries. Eichler (2017) suggested that some of the
decrease in the secondary to primary ratio is due to a cor-
relation between grammage traversed and maximum accel-
eration energy, leading to a decrease in the secondary boron
to primary carbon ratio if the cosmic rays are due to an as-
sortment of sources with varying maximum energies. It was
further noted in Eichler (2017) that the maximum energy
attainable by shock acceleration, if established by Alfve´n
wave damping upstream of the shock by ion-neutral colli-
sions, must be less than ∼ 1012 eV; above this energy, this
damping mechanism is unlikely to operate. So if this is the
reason for the secondary to primary ratio decrease below
100 GeV per nucleon, then flattening of the ratio above 100
GeV per nucleon is expected a priori, and is confirmed by
observations. The de-coupling of grammage and CR propa-
gation in the ISM, as opposed to the grammage accumulated
within source regions, has also been advocated in this re-
gard by Cowsik & Madziwa-Nussinov (2016). As the review
by Gabici et al. (2019) have emphasized, the de-coupling of
grammage with CR propagation in ISM would solve many
outstanding problems in CR phenomenology.
Gupta et al. (2020) have noted that the relative con-
tributions to the Galactic gamma ray luminosity from WTS
and from supernovae can be estimated a priori from the
paradigm of stellar evolution and initial mass spectra. The
wind power from an OB star is 1036 erg/s over a life span of
(3–10) Myr giving a total energy output of (1–3)× 1050 erg
compared to 1051 ergs from a supernova. On the other hand,
the supernova shock expands much more quickly so that the
cosmic rays it produces suffer adiabatic losses, whereas the
termination shocks maintain a steady stand-off in pressure
equilibrium with the interstellar medium, and the cosmic
rays escape from the WTS through nearly stationary mate-
rial and do not suffer adiabatic losses, so one might expect
the contributions to the cosmic rays and attendant gamma
rays to be comparable. This has been confirmed by detailed
numerical computation including the fusion of many winds
and supernovae within clusters (Gupta et al. 2020).
In the present paper, we are concerned with the
total area 4piR2o subtended by the outer shock region
where γ-rays are produced. Consider the WTS with a
mass loss rate M˙ = 4piρ(R)R2wtsu. The ram pressure
ρ(R)u(R)2 = M˙u/(4piR2wts) at this radius equals the
pressure in the shocked wind region Pin, so the area of
the WTS is piR2wts = M˙u/(4Pin) = Lw/(2uPin), where
Lw = 0.5M˙u
2 is the wind mechanical power. The for-
ward shock distance is larger than the WTS by a fac-
tor Ro/Rwts ≈ 29(Lw/1036 erg/s)−1/10t1/5Myr(nISM/cc))1/10
(Sharma et al. 2014), and the relevant area is therefore
piR2o = (Lw/(2uPin))(Ro/Rwts)
2. Now consider the sum of
any number of winds that may merge before reaching a col-
lective termination shock. If both mass and energy are con-
served in the mergers (i.e. no energy lost to radiation), then
the total mass loss rateMtot is the sum of the individual ones
M˙i, and the total power ˙Mtotu
2
final is the sum of M˙iu
2
i , so
ufinal is just the RMS of u
2
i averaged over M˙ , which is at
least the mean value of u. Taking M˙ to be 10−6 solar masses
per year, u to be 2×108 cm s−1, and Pin ≈ 10−10 dynes/cm2
(as observed in superbubbles, Lopez et al (2014)), and a to-
tal number of OB stars in the Galaxy of 2× 105, we obtain
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an estimate of the total area of 4.2 × 1046 cm2 (radiation
loss would make this figure ∼ 1.5× 1046 cm2, see below).
Now consider the Galactic disk, which for a rough es-
timate can be taken as RG = 10R10 kpc in radius and
100 pc in thickness. The total area of its periphery is
2piR2G + 2piRGh ' 5.6 · 1045R210 cm2. So if the WTSs of
OB stars were pinned to the furthest reach of the Galaxy
along every line of sight, the fraction of sky it would oc-
cupy would be more than unity by the above calculation.
Moreover, if we assume the OB star is equally likely to be
anywhere along the line of sight between us and the furthest
reach, then the fraction is much higher because the sky frac-
tion covered by an object of distance d is proportional to
d−2. As this diverges at small d, we must introduce a cutoff
dmin, that is of order the size of the WTS itself, some 30
pc for Lw ≈ 1039 erg s−1. The average enhancement of the
sky coverage, relative to placing the source at the furthest
reach, dmax, along the line of sight, is dmax/dmin ∼ 30. So
the solid angle subtended by the WTSs may be several skies
rather than a fraction of a sky.
3 SUPERBUBBLE SIZE DISTRIBUTION
Superbubbles in galaxies are believed to be produced by
star clusters, whose luminosity function is observed to be a
power-law (McKee & Williams 1997), φ(L) ∝ L−2dL . It has
been found by Oey & Clarke (1997) that the size distribution
of HI holes, which are produced by superbubbles, can be
explained in terms of bubbles that are stalled by the pressure
of the ambient interstellar medium. A similar distribution
also follows even in the case of superbubbles dominated by
radiative cooling (Nath 2020). The main result that follows
from stalling of bubbles is that the radius of bubbles scales
with luminosity as rs ∝ L1/2w , where Lw(∝ L) denotes the
mechanical power of the stellar wind. as shown below.
The evolution of bubbles in the case of cooling can be
written in terms of a parameter η as follows,
rs(t) = (
ηLwt
3
ρ
)1/5 . (1)
Hydrodynamical simulations indicate η ∼ 0.1–0.5 (Sharma
et al. 2014). Observationally, it is found that the shell radius
is roughly a fraction ∼ 0.6 of the adiabatic case Krause &
Diehl (2014), which indicates η ∼ 0.1, a value we adopt
here. The bubble stalls when the expansion speed becomes
comparable to the ambient sound speed. The stalling radius
(using adiabatic sound speed with γ = 5/3) is,
rs ≈ 151 pc
( Pamb
3.5× 10−12 dyne cm−2
)−3/4
( Lw
1038 erg s−1
)1/2( ρ
10−24 g cm−3
)1/4
, (2)
where we have used an average pressure corresponding
to P/k ≈ 2.5 × 104 cm−3 K (Jenkins & Tripp 2011).
For the same parameters, the stalling time is tstall ≈
1.6 (Lw/10
38 erg s−1)1/2 Myr. Therefore, we find that the
superbubbles stall within  10 Myr even for the largest
clusters, with Lw ≤ 3 × 1039 erg s−1 (corresponding to the
number of OB stars NOB ∼ 3000). In other words, clusters
reach a stalling radius within the time scale that they are
bright in γ-rays.
Figure 1. Schematic diagram for calculation of sky coverage. GC
denotes the Galactic centre, R is the Galactocentric distance, and
the solar position is indicated. Also shown are the limiting longi-
tudes (80, 280) within which the inner Galactic region is viewed.
The relation between rs and Lw leads to a size distribu-
tion. Suppose the superbubbles are produced at a constant
rate (for a constant star formation rate). The number of
bubbles after a time t with radii in the range rs to rs + drs
will depend on φ(Lw)dLw. Therefore the differential size dis-
tribution will be given by (Oey & Clarke 1997),
N(rs) ∝ φ(L)
( ∂rs
∂Lw
)−1
∝ L−2+1/2w ∝ r−3s , (3)
which is the distribution we have used in Section 1. This size
distribution has also been observationally confirmed by the
HI Nearby Galaxy Survey (Bagetakos et al. 2011).
4 SKY COVERAGE FOR SUPERBUBBLES
We now estimate the sky coverage in detail, taking into ac-
count their spatial distribution in the Galaxy. According to
Gupta et al. (2020), WTS in massive, compact star clus-
ters can produce significant γ-rays. They found that clusters
with NOB ≥ 10 and that are younger than ≈ 10 Myr are es-
pecially suitable for the Mach number of WTS to be large
enough and consequently for γ-ray emission.
Next consider the spatial distribution of OB associa-
tions in the Milky Way. Bronfman et al. (2000) observed 748
OB associations across the Galactic disk and found their dis-
tribution to peak at Rp = 0.75R0, R0 = 8.5 kpc being the
solar distance from the Galactic centre. We find that their
inferred (differential) distribution can be roughly fitted by
dN(R) = Σ0e
− (R−Rp)
2
σ2 2piRdR, (4)
where R is the galacto-centric distance and σ ≈ 3 kpc. This
fit yields a difference of a factor ∼ 4 between the peak and
the value at solar distance, as found by Bronfman et al.
(2000) (dotted line in the bottom left panel of their Fig-
ure 3). Here, Σ0 is a normalising factor, with dimensions of
kpc−2. The total number of clusters within the solar radius
can be found by integrating this distribution. Numerically,∫ R0
0
RdRe
− (R−Rp)
2
σ2 ≈ 26 kpc2 , (5)
for Rp = 6.3 kpc, σ = 3 kpc, and R0 = 8.5 kpc. Therefore
the total number of clusters is ≈ 52piΣ0. This allows us to
estimate Σ0 in the following manner.
We can take the Milky Way star formation rate (SFR)
of ∼ 2 M yr−1 (Chomiuk & Povich 2011) for the last ∼ 10
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Myr. This gives a total census of 2× 105 OB stars, for 1 OB
star per ∼ 100 M stellar mass using Kroupa Initial mass
function. This is consistent with 2 × 105 OB stars found
within solar circle (Reed et al. 2005). The luminosity func-
tion of clusters is as mentioned earlier, with L ∝ NOB. We
adopt a minimum of 10 OB stars for the production of γ-
rays, while the largest OB association in our Galaxy has
NOB ∼ 7000 (McKee & Williams 1997). This gives an aver-
age of NOB ≈ 65 per cluster. Together with the above esti-
mate, we then have ∼ 3076 OB associations younger than
≤ 10 Myr. This gives Σ0 ≈ 19 kpc−2.
These clusters will have a superbubble triggered by the
winds of member OB stars, and the superbubbles will have
a size distribution depending on how large the cluster is and
on its age. As shown in the previous section, the differential
size distribution of superbubbles is given by dN(rs) ∝ r−3s .
Together with the above described spatial distribution of
clusters, we can write the combined size and spatial distri-
bution of superbubbles at Galactocentric radius R as
dNs(rs, R) = C(R)r
−3
s drs (6)
Here, the normalising constant C(R) depends on N(R), the
number of clusters in an annulus of width dR at Galacto-
centric radius R,
C(R) = N(R)
[ 1
r2s,min
− 1
r2s,max
]−1
, (7)
where rs,min, rs,max are the minimum and maximum sizes.
Let us estimate the sky filling factor of these clusters
in the inner Galactic region, from the vantage point of the
solar system. Consider an annulus in the disk of width dR
at a Galacto-centric radius of R, and consider a differential
area element in that annulus at an angle α as defined in
Figure 1 and of angular width dα. The angle α is defined
with respect to the line connecting the Galactic centre and
the solar location. Consider a superbubble of radius rs there.
The solid angle subtended by this superbubble at the solar
location is given by,
Ω(α,R, rs) =
pir2s
R20 +R
2 ∓ 2R0R cosα (8)
where the minus sign is for α < pi/2 and plus for α > pi/2.
Given the size distribution of superbubbles as mentioned
above, the total solid angle subtended by them from this
area element is,
Ω(α,R) =
∫
C(R)r−3s
pir2s
R20 +R
2 ∓ 2R0R cosαdrs
=
N(R)dRdα[
r−2s,min − r−2s,max
] ∫ pir−1s
R20 +R
2 ∓ 2R0R cosαdrs
=
piΣ0 ln[
rs,max
rs,min
][
r−2s,min − r−2s,max
] Re− (R−Rp)2σ2 dRdα
R20 +R
2 ∓ 2R0R cosα (9)
The total solid angle subtended by all clusters can be deter-
mined by integrating these over R and α. The limits on α
depend on the relevant range of Galactic longitudes. Con-
sider a range of Galactic longitudes (l,−l), then there would
be annuli at large R (nearer to R0) for which the α integra-
tion would not be over 2pi, but over a limited section. The
limits on the α integration are as follows:
α = 0→ 2pi , R < R0 sin l ,
α =
pi
2
− l − cos−1
(R0 sin l
R
)
→ −pi
2
+ l + cos−1
(R0 sin l
R
)
,
R > R0 sin l (10)
Numerically integrating over α within these limits for l =
80◦ (as used in the inner Galactic region by Ackermann et
al. (2012)), and between R = 0→ R0, we have,∫
dR
∫
dα
Re
− (R−Rp)
2
σ2 dRdα
R20 +R
2 ∓ 2R0R cosα ≈ 13.7 kpc
2 . (11)
Therefore the total solid angle subtended at the solar po-
sition by all superbubbles within the limiting longitudes, is
ΩTot =
13.7piΣ0 ln[
rs,max
rs,min
][
r−2s,min − r−2s,max
] . (12)
The total solid angle within Galactic longitudes (80◦,−80◦)
and latitudes (5◦,−5◦), is 0.9pi × 2[1 − cos(5◦)] = 0.007pi
steradian. Therefore the sky filling factor of all the super-
bubbles in the Galactic inner region, is,
fsky =
2× 103Σ0 ln[ rs,maxrs,min ][
r−2s,min − r−2s,max
] (13)
Taking rs,min = 10 pc, rs,max = 100 pc, we have,
fsky = 0.46× Σ0(kpc−2) ≈ 9 . (14)
Even if the number of star clusters is reduced by an order
of magnitude, the sky filling factor would be close to unity.
Therefore all lines of sight towards the Galactic inner region
is bound to intercept the superbubble triggered by a young
(≤ 10 Myr) star cluster.
5 DIFFUSE GAMMA-RAY EMISSION
The scaling of rs ∝ L1/2w helps us to estimate the dif-
fuse gamma-ray flux from superbubbles, because this im-
plies that the specific intensity of γ-radiation is same for all
superbubbles. Since all lines of sight intercepts at least one
superbubble, all we have to do is to calculate the specific
intensity in one superbubbles, and this will suffice to esti-
mate the diffuse gamma-ray flux. The specific intensity is
given by pi × Iν = Lν/(4pir2s), where Lν is the luminosity of
a superbubble of radius rs, and the mean specific intensity
in the case of isotropic radiation is Jν ≡ Iν .
The fraction of mechanical wind power of massive stars
in clusters that is radiated in GeV γ-rays varies a lot. Obser-
vations of NGC 3603 and Westerlund 2 suggest a fraction
2 × 10−3 and 6 × 10−3, while the fraction in 30 Doradus
is large, of order 0.01, and the fraction in Cygnus is small,
≈ 3 × 10−4 (see Table 1 of Gupta et al. (2018)). It can
be shown that for a self-similarly evolving superbubble, the
fraction depends on the density profile, dynamical time and
the fraction of shock energy that is deposited in cosmic rays
(equation 3 of Gupta et al. (2018)). While for a uniform
ambient density, the fraction scales as ρtdyn, for a density
profile of the type ρ = ρc(r/rc)
−1 beyond a core radius rc,
MNRAS 000, 1–?? (2020)
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the fraction scales as L
1/4
w (ρcrc)
5/4t
1/4
dyn. Variation of ambi-
ent density, compactness (rc), the age of a cluster (tdyn) can
cause the fraction to differ between cases. Moreover, cos-
mic ray diffusion coefficient and the fraction of shock energy
deposited into cosmic rays can cause further variations.
If we use a fraction as low as ∼ 10−3, then the diffuse
gamma-ray flux at ∼ 1 GeV is given by (using equation 2),
Jγ ≈ 10
−3Lw
4pi2r2s
≈ 1.2× 10−8erg cm−2 s−1 sr−1
≈ 10−2 MeV cm−2 s−1 sr−1 . (15)
The diffuse gamma-ray flux observed by Ackermann et al.
(2012) (their Figure 15) is ≈ 4× 10−2 MeV cm−2 s−1 sr−1.
Clearly the variation in the efficiency of production of
γ-rays, which depend on the ambient density, cosmic ray dif-
fusion coefficient and other factors, will produce anisotropy.
In addition to this, there will be anisotropy from clustering
of superbubbles, which can be estimated as follows. The res-
olution of Fermi-LAT in GeV range is 0.8◦. We can estimate
the number of star clusters intercepted in the solid angle of
the beam, of 1.9× 10−4 steradian. Since roughly 3000 clus-
ters produce a total solid angle of 0.19 steradian, therefore
in the beam, one expects roughly N ≈ 3–4 clusters. This
implies an anisotropy 1/
√
N ≈ 0.5.
The anisotropy is expressed in terms of spherical har-
monics decomposition. Consider the angular power spec-
trum of intensity fluctuation, δI(θ) = (I(θ) − 〈I〉)/〈I〉,
where I(θ) is the intensity in direction θ and 〈I〉 is the
average intensity. The angular power spectrum is calcu-
lated by expanding δI in terms of spherical harmonics
δI = Σl,mal,mYl.m(θ), and the coefficients Cl = 〈|al,m|2〉
then become a measure of anisotropy. For Poisson distribu-
tion, Cl ≡ CP , independent of the multipole l, and equal
to the number of sources intercepted in the instrumental
beam. The anisotropy of the diffuse flux observed by Fermi-
LAT has been analysed after masking the Galactic plane
(b < 30◦). For an estimate of the anisotropy at higher lat-
itude, we assume that the above mentioned distribution of
star clusters have an exponential profile (exp(−z/h)), with
a scale height of 500 pc, and appropriately normalised. The
number density of star clusters at a location (R, z) (cylin-
drical coordinates), is then given by,
n ≈ 1
Σ0/2h
e
− (R−Rp)
2
σ2 e−z/h . (16)
Then the number of superbubbles intercepted in a beam at
b = 60◦ can be estimated as ≈ 9 sr−1, for a beam extending
up to the Galactic Centre. Therefore, the number of sources
in the Fermi-LAT beam is N ∼ 1.7× 10−3, and unlikely to
contribute towards the diffuse background at high latitude.
It is interesting to note that other Galactic sources are also
unlikely to do the same (Biswas & Gupta 2019).
6 CONCLUSIONS
We have considered the contribution of massive young star
clusters to the diffuse Galactic γ-ray emission. We have
shown that the sky filling factor of star cluster triggered
superbubbles towards the inner Galaxy is more than unity.
Since their γ-ray luminosity scales as square of the bub-
ble size, we showed that the resulting surface brightness
is comparable to the observed intensity of DGE. Our es-
timates show that γ-rays from star clusters can fill the gap
between the observed DGE and that predicted from leaky-
box model, thereby supporting a de-coupling of grammage
with CR propagation in ISM. This model predicts a rather
large anisotropy of DGE in the inner Galactic region which
could be tested in future.
BBN wishes to thank S. Thoudam and P. L. Biermann
for useful discussions. We thank an anonymous referee for
detailed comments.
7 DATA AVAILABILITY
The data underlying this article are available in the article.
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